The Christchurch area in New Zealand (NZ) experienced two significant earthquakes on September 4th, 2010 (7.1R) and February 22nd, 2011 (6.3R) with a devastating impact to both houses and land. Negative media attention to the potential financial risks of living near or on the new Technical Category 3 (TC3) land or on land in a flood zone has fuelled the perception of uncertainty over the negative property value impacts. However, the extent to which such attitudes are reflected in lower property values affected by these land categories is controversial. This paper outlines research to identify attitude changes based on the sale price patterns as well as the relationship between sale prices and house characteristics before and after both of the earthquakes. We take a three-step approach by applying: a) an average trend analysis, b) GIS hot-spot analysis to identify possible spatial differentiations between the before and after effects of the earthquakes and, c) hedonic modeling to quantify the effect of house characteristics on sale price while controlling for and comparing, three land zones (TC1 to TC3).
Introduction
There were four major earthquake events in Canterbury in 2010 and 2011 (see Appendix I). The first major earthquake, measuring 7.1M W, occurred on 4 September 2010 with the epicenter 40 kilometres west of Christchurch, New Zealand's third-largest city, near the town of Darfield.
1 Whilst there was significant damage to buildings and infrastructure there were no direct fatalities. However, the 22 February 2011 6.3M W earthquake severely damaged Christchurch, killing 185 people. The earthquake was centred only 10 kilometres south-east of the centre of Christchurch, 2 kilometres west of the port town of Lyttleton. Significant liquefaction affected the eastern suburbs, producing around 400,000 tonnes of silt. Lateral spread caused much of the building damage (Tonkin and Taylor, 2013) . Other large earthquakes were the 6.41 magnitude earthquake on the 13 June 2011 and the magnitude 6 earthquake on the 23 December 2011. The Canterbury earthquake events and locations are shown in Appendix I. As at May 2014 there have been 540 earthquakes and aftershocks over 4MW (14,134 over 2MW) since the September 2010 event.
According to a report by the Royal Society of New Zealand & Office of the Prime Minister"s Science Advisory Committee (2011) scientists did not know about the faults that caused the two Canterbury earthquakes as prior to September 4 th , there were no surface signs of what is now known as the Greendale Fault or the fault that generated the Lyttelton February aftershock and there was no evidence for seismicity on these faults (i.e. "foreshocks"). Appendix II shows the location of the Alpine fault line that runs diagonally through the South Island of NZ relative to the city of Christchurch that is located approximately 100km away. According to Berryman, manager, Natural Hazards Research Platform for GNS Science, Christchurch was considered a low-risk city because it is a reasonable distance from the Alpine fault (Rebuild Christchurch, 2011) . Understanding the likely response to, and preparing and planning for, a natural disaster in an area with no recent history of such events has proven problematic.
Following the 4 September 2010 earthquake the Canterbury Earthquake Recovery Commission was created under the Canterbury Earthquake Response and Recovery Act 2010. The Act was repealed and replaced with the Canterbury Earthquake Recovery Act 2011 and it was under this Act that the Canterbury Earthquake Recovery Authority (CERA) was established to lead the recovery effort. CERA has progressively mapped all of greater Christchurch land into land zones according to assessments of land and building damage and risk of liquefaction. The zones are: Green (Go Zone) and include Technical Categories 1, 2 and 3 (TC1, TC2, TC3) (Appendix III) where the repair/rebuild process is able to begin; Red (No Go Zone) where land repair would be prolonged and uneconomic, and White (Unzoned) that included the CBD or hillside land where geotechnical mapping and further assessments are underway.
There were 7,839 properties zoned red as at September 2013, including 714 Port Hill properties. As at April 2013, 6,666 flat land homeowners had taken up the government offer to purchase property at the most recent rating valuation (assessed in 2007), whereas the Port Hill homeowners have until 31 August 2014 to do so. The majority of greater Christchurch properties are in the Green Zone, whereby property owners no longer have to wait for the results of any area-wide land assessment reports by EQC or their engineering consultants Tonkin & Taylor before they begin repair or rebuild.
The Green zoned land on the flat has been assigned into three foundation technical categories based on the expected future liquefaction performance. The aim of these categories is to ensure appropriately engineered foundations. The categories indicate which properties will require site investigations to assess the foundation type needed to suit the specific ground conditions. The technical categories are as follows (and as shown on the map in Appendix III):  Technical Category 1 (TC1 -grey) is where future land damage from liquefaction is unlikely and a soil 1 Before the 2011/12 earthquakes, Christchurch had overtaken Wellington to become New Zealand"s second largest city (Statistics New Zealand, 2012) with Christchurch (386,100) holding only a slim lead over Wellington (386, 000) at 30 June 2009 . However, Statistics New Zealand (2011 figures reveal that Christchurch lost 10,600 people in the year to June 2011. test should suffice. Current standard foundations for concrete slabs or timber floors can be used, but concrete slabs must be reinforced and tied to the perimeter foundation and the structure.
 Technical Category 2 (TC2 -yellow) is where minor to moderate land damage from liquefaction is possible in future significant earthquakes. The only further site-specific geotechnical investigation required is a shallow soil strength test 3-4m (to check if peat is present). To mitigate against possible damage from liquefaction, Standard (NZS3604) piled foundations are suitable for houses that are built of lightweight materials (not masonry or brick veneer) and have timber floors instead of concrete floors, or enhanced (rib raft) slabs.
 Technical Category 3 (TC3 -blue) -moderate to significant land damage from liquefaction is possible in future significant quakes. TC3 land tends to have a thin crust and liquefiable (loose sand) layer below. Site-specific geotechnical assessment and specific engineering foundation design is needed. Area wide drilling will assist with this, with the data gathered enabling detailed analysis of how liquefiable the soil is.
TC3 considers both damage to the house and likely future performance of the land. For example, repairs may just require lighter roofing material to reduce the weight of the house/load on foundations. There are around 28,000 properties in TC3 areas, and around 12,500 homes in TC3 areas have major foundation and pile damage that will require more investigation of the ground around them (CERA, 2012) .
Due to increased flood risk, mostly in the Red Zone, and changed land levels assessed through the use of LADAR photography and survey that enabled the ground level/thickness of crust (indicating liquefaction risk) to be estimated, new flood zone maps were required.
This paper outlines research to investigate how resident"s perceptions towards investing in homes that may be at risk of flooding and/or liquefaction impacts on house prices. In addition, the price impact of resident"s attitudes towards the new technical categories is explored. The paper starts with a review of the literature on risk perception generally, then focuses on risk perceptions towards earthquakes more specifically, and on stigma caused by natural disasters. The review then considers how stigma can impact negatively on a property"s value. Following this, the research is introduced and the results presented. The paper concludes with a discussion of the results, providing insights on the impacts on house prices from the Canterbury earthquakes.
Literature Review
There is a body of literature of how at-risk populations prepare for, respond and adjust to, natural hazards such as floods, tsunamis and earthquakes. Understanding how individuals perceive risks is important not only to effective disaster planning and communication, but in terms of this research, also to understanding how such perceptions are reflected in property market behaviour. Property in natural hazard areas may suffer stigma, a "market imposed penalty" (Bell 1999) determined by peoples" perceptions of risk, and so a brief discussion of risk perceptions follows next.
Risk Perception
This section outlines research relating to risk perceptions that considers it from both the scientific (technical) and social or behavioural viewpoints, but with a focus on the latter. Technical analysis focuses on the probability of an event happening and the consequences (number of deaths, environmental damage, property damage, financial costs). On the other hand, social or perceptual analysis of risk focuses on the complex interplay involving psychological, sociological and cultural perspectives (Freudenburg, 1988) . Kunreuther (1992) explains the behavioural approach as resulting from the inability of individuals to fully grasp the concept of probability and statistical data relating to risks so instead they tend to rely on salient information (past experience) and easily accessible sources (friends and neighbours). By not relying on statistical data risks that are uncontrollable, unknowable, or have catastrophic potential, such as earthquakes, are feared by the public even though they are unlikely. Kasperson (1992) explains that hazard events interact with psychological, social, institutional and cultural processes in ways that can heighten perceptions of risk and shape risk behaviour. The behavioural responses to disaster events in turn generate secondary social or economic consequences (e.g. stigmatisation; loss of confidence in institutions involved in disaster management; and insurance costs). Krimsky and Golding (1992) add that the public"s perception towards risk vary according to a wide range of variables including voluntariness (the ability to choose the risk by free will rather than by force), catastrophic potential, and dread. Kasperson (1992) defines risk as both a threat of physical harm (an event, or a report of an event) and the result of cultural and social processes when these events are communicated to others (social amplification). Slovic (1992) found that mechanisms of social amplification, such as heavy media coverage and attention drawn to problems by special interest groups, can increase the stigma associated with the risk. Covello (1998) reports similar results showing that while the media are critical to the delivery of risk information the media tends to be biased toward stories that contain drama, conflict, expert disagreements, and uncertainties and often the coverage of risks is oversimplified, distorted, and inaccurate. Not surprisingly, the result is inaccurate estimates of the level of risk by the public. According to Covello the major challenges to effective risk communication include: a lack of trust and credibility of information sources; overly complex scientific and policy messages; distortions by the media and other stakeholders, and public perceptions and misperceptions. Covello observes that one of the factors that causes this distrust is a lack of coordination among public or private organizations with risk management responsibilities.
In summary, none of the above risk authors deny the need for technical risk analysis, they simply argue for the need to include the social view of risk in risk analysis. The methodology adopted for the current research examines risk from both a social and an economic perspective.
Risk perception toward earthquakes
A survey by Upprety and Poudel (2012) The authors found that variables such as experience of an earthquake and concern for future damage significantly influenced the preparedness among the respondents in the study area. Their result is consistent with other studies that show that people start to increase preparedness measures once they have experienced earthquakes themselves (Mileti and Darlington, 1995, Dooley et al., 2006) .
Another study of what motivates seismic risk mitigation by Egbelakin et al. (2011a) focused on building owners of earthquake prone buildings and the factors that encourage them to retrofit. In their 2011b study using a similar data set and survey approach, as outlined below, they identified socio-behavioural barriers affecting seismic retrofit implementation to be perceptions of earthquake risk, a lack of trust in seismic strengthening techniques and a lack of pro-social mitigation behaviours from public authorities.
In their follow-up study (Egbelakin et al. 2011b ) to identify what motivates or hinders stakeholders" decisions to act, they interviewed a variety of stakeholders involved in seismic upgrade decisions (building owners, property valuers, engineers, architects and managers of insurance, financial and governmental organisations). Taking a multiple case study approach (four New Zealand cities based on their seismicity and other earthquake risk factors) and developing a multi-phased conceptual framework (intention phase, decision formation phase and implementation of seismic adjustments phase) the authors examine how seismic retrofit decisions can be motivated and sustained. According to the authors, the intention phase relates to an individual"s willingness to decide to upgrade which is influenced by factors such as perception of risk, self-efficacy, perceived responsibility, and outcome expectancy. This phase can be enhanced by critical awareness and effective risk communication. The decision formation phase can be enhanced by attributes such as perceived benefits of retrofitting, such as ensuring safety and financial returns (increased rent or property value). Motivators to enhance this phase are said to include financial incentives (grants, low interest loans, tax credits) and creating value for seismic risk in the property market. The results of the survey found that intensifying the use of critical awareness motivators improves people"s perceptions and understanding of seismic risks and mitigation measures. Further, the authors report that creating value for seismic risks in the property market through the mandatory disclosure of earthquake risks in property transactions was found to significantly affect the adoption of seismic adjustments.
Rossetto, Joffe and Solberg (2011) provide a brief overview of previous studies on earthquake risk perception which they define as "perception of the likelihood and consequence of a future adverse event" (from Adams 1995) . The review is to highlight the psychological drivers of seismic adjustment behaviours on the part of individuals that might facilitate mitigative actions. Their review indicates that people"s perceptions of seismic risk, sense of belonging in a community, sense of trust, sense of responsibility and sense of control all contribute to the adoption of seismic adjustment measures. In terms of demographic differences in risk perceptions, females and minority groups generally feel more at risk regarding earthquakes than men and majority groups (for example, Dooley et al. 1992 and Paradise 2006) ; higher income, education and homeownership rates have been linked to decreased risk judgements in US respondents (e.g. Lindell and Prater 2000) .
A more in-depth review of the international literature on the social psychological factors that shape human adjustments to seismic risk is provided by Solberg, Rossetto and Joffe, (2010) . Some of the more relevant literature, as it relates to the present study outlined in this paper, is discussed here. Their international research review indicates that a large proportion of survey respondents do nothing or very little to adjust to seismic hazards, and when they do take action, it is significantly more likely to be response and recovery-related than mitigative. In relation to material risk (a scientifically derived probability estimate of future risk) of failure of buildings and soils during seismic activity, they report findings of Turkish and Romanian researchers that type, height, age and perceived structural vulnerability of respondent"s residences, as well as their knowledge of proximity to soft soils and faults, heighten risk perception. McClure et al. (2012) conducted a study to help understand what will motivate residents to take preparedness activities. They interviewed 380 residents in Christchurch (200), Wellington (100) and Palmerston North (80) to assess changes in their judgments of the risk of earthquakes before and after the 2010 Darfield, Canterbury earthquake. The results showed that for Wellington and Palmerston North respondents", expectancies changed after the earthquake, as many learned from the Darfield earthquake, that earthquakes happen not only in known vulnerable cities such as Wellington, they can happen elsewhere in New Zealand. Further, the results show that before the Darfield earthquake, while Christchurch citizens were aware of civil defence messages about preparedness they thought that these messages applied to others, not themselves, as Christchurch was not known to be vulnerable to earthquakes and so these respondents were less prepared.
Property related stigma
According to Chan (2001) , "stigma is a loss to property value due to the presence of a risk perceptiondriven market resistance". The concept of environmental stigma appeared in the valuation literature in the late 1980s (e.g. Kinnard 1989 and Patchin 1992) , followed by regular bibliographic efforts to document its impact on property value (Kinnard 1992; Kroll & Priestley 1991; and Roddewig 1996) . A consistent finding was that debt financing was more difficult to obtain for threatened or stigmatised properties (Wilson & Alarcon 1997; and Bell 1999) .
Anything that might change the publics" perceptions towards risk will alter the degree and duration of stigma. Changes in public perceptions of risk can also result from media attention. For example, in relation to stigma from proximity to a source of perceived hazard Sanders (1996) and Kinnard and Dickey (1995) note that when publicity about the hazards has been "intense, ongoing and increasing", observed levels of measurable property value impact has tended to persist over time. Conversely, the reverse occurs when publicity has decreased or ceased: any negative price impact associated with proximity has typically diminished or gone away within a relatively short period of time. Market conditions have also been shown to impact on risk perceptions. For example, Jackson (2001) and Sanders (1996) have found that strong market demand reduces, or mitigates, lender and investor risk and weak demand increases or exacerbates their risk.
Methodologies Advocated to Study Property Value Effects
The literature dealing with the impact of natural disasters on housing markets reports a variety of methods to assess post-disaster changes in house values. Levy (1984 and 1986 ) discusses an approach to value land impacted by landslide. 2 He suggests a cost to repair approach and making an allowance for any further diminution in value after the repairs are complete, that reflects "stigma". Stigma may arise due, for example, buyers fearing a reoccurrence of the problem as well as potential difficulties obtaining finance or insurance coverage (as occurred after the Canterbury earthquake). Sanders (1996) provides a framework for the valuation of properties damaged by geotechnical or related effects similar to Levy but recommends the assessment of stigma through the use of a case study approach, regression analysis or contingent valuation. Stigma can be particularly relevant to defects associated with geotechnical and structural problems where the layperson cannot visibly examine repairs to determine their adequacy. Sanders notes that stigma does reduce with time and will be greatest immediately after the damage or loss occurs.
Bell (1999) states that, "…all the factors that have an influence on a property"s desirability, and therefore its value, are traced back to the market"s perceptions". The use of opinion surveys in risk perception studies have become more popular in the US since the early 1980"s when the Supreme Courts of several states allowed "widespread public fear" of hazards to human safety and health as evidence for identifying and measuring proximity damages to affected residential properties. Further, these cases held that the reported or perceived "widespread public fear" need not be "reasonable" 3 , i.e. based on known and supportable scientific fact. Opinion surveys generally involve surveying market participants about their perceptions towards particular environmental features and may also ask questions about the perceived impact of such a feature on property price (see for example, Bond 2014).
Contingent valuation is a survey approach that attempts to predict willingness to pay. However, this method is based on buyers" stated preferences rather than actual sales price data and so may not accurately reflect likely property price impacts (what buyers say they will do versus what they actually do may not be consistent). As suggested in Bond, Sims and Dent (2013) , the dichotomy between public opinion and actual behaviour when faced with a real situation has been one of the major criticisms of qualitative analysis as a reliable determinant of likely public response to environmental features (e.g. Slovic 1987; Whitehead et al. 2008 ).
The literature dealing specifically with the measurement of the impact of environmental hazards on residential sale prices (including proximity to transmission lines, landfill sites cell phone towers, wind turbines, and ground water contamination) indicates the popularity of hedonic pricing models, as introduced by Court (1939) and later Griliches (1979) and further developed by Freeman (1979) and Rosen (1974) . Briefly, this method assumes that the price of a property is determined by a number of key physical characteristics of the house (e.g. house size, number of bedrooms, construction materials, age, etc.), as well as neighbourhood and locational attributes (e.g. accessibility to schools, shops and local amenities; presence/level of any soil, water or air pollution; crime levels, etc.). Breaking down a property into its main characteristics allows the influence of each attribute on the total price to be determined.
The more recent hedonic studies, including those by Bond (2007) , Hoen et al. (2009), Simons and Sementelli (1997) , focus on proximity to an environmental hazard and demonstrate that this reduces 2. Levy (1986) defines "landslides" broadly to include all forms of damage which result from soil problems (i.e. "land failure"). residential house prices by varying amounts depending on distance from the hazard. 4 Bond and Wang (2005) use a multi-method approach that enabled the results to be triangulated. As outlined in Bond, Sims and Dent (2013) the theory behind the multi-method approach is that quantitative and qualitative methods can be utilised as different approaches to the same research problem and regarded as complementary (Firestone 1987) . Bryman (1988) considers that most of the literature on the subject indicates that researchers recognise that there is a considerable amount to be gained from merging quantitative and qualitative methods. As noted by Creswell (1994) , if the results from the different approaches yield similar answers, then the analyst can be more confident of having obtained a valid result. Bond (2014) surveyed Canterbury residents" in 2012 to determine their perceptions of risk towards owning and living in residential property subsequent to the 2010 and 2011 earthquakes to identify how these perceptions impact on the price residents are willing to pay for affected property. The current study is a follow-up of the 2012 study using a hedonic house price approach. GIS was also adopted to aid the analysis of distance to various technical categories of land and flood zones. The results from both studies can then be compared.
The Christchurch Experience Risk Communication
The lack of coordination among risk management agencies tasked with communicating to the community that Covello (1998) describes above was evidenced in Christchurch during the 2010-2011 quake events where often the same information was delivered to a person from several sources, and often the messages varied, so it was difficult to determine which message was correct (Wylie, 2012) . It was as a result of local and central government agencies involved in supporting Christchurch during and after the 2011 earthquakes acknowledging they do not know how best to engage with Culturally and Linguistically Diverse (CALD) communities, that Wylie (2012) undertook research to identify what "best practice guidelines" for communication and engagement during a civil defence disaster and in the rebuild/recovery phase were needed. To do this, the methodology involved an analysis of existing resources and written materials on Communicating with CALD communities in a civil defence emergency, as well as consultation with key stakeholders in two stages (1) in 2012, utilising semistructured interview techniques, and (2) less formal interviews and group discussions to seek feedback and input into draft guidelines produced on the basis of the initial consultation findings. The development of Best Practice Guidelines was the final outcome of this research that would overcome many of the weaknesses identified by stakeholders.
An independent review of the response to the February 22 Canterbury earthquake indicated that there were weaknesses and tensions between Christchurch City Council and Civil Defence which "put people and property at risk" (Cooke, 2012) . The Corrective Action Plan was released in December 2012 to improve the strength of Civil Defence in New Zealand by adopting a more efficient interagency approach. The outcomes of the plan will be incorporated into the National Civil Defence Emergency Management Plan.
Stigma from the technical land categories
The estimation of the duration of stigma is as important as the measurement of its magnitude from a valuation perspective. However, to confirm any change to stigma similar studies of similar design to allow comparison between them need to be conducted over time, and their results made public. The research reported below is a starting point for this process of on-going research. There were a number of reports in the Christchurch news about the risks of buying TC3 property and reduced value of this category of property. For example, The Press (2012a) reported that there is uncertainty about TC3 land due to how it is defined by CERA and that this "may deter some buyers, insurers and lenders and also increase building costs, potentially having a negative impact on selling price". Another report claims that "Christchurch buyers are paying a premium for less-damaged areas while shunning trouble and uncertainty in the most damage-prone neighbourhoods", backing this claim up with reference to a special report by rating valuation agency, Quotable Value, that says that average prices for TC3 homes were now under 2007 rating valuations, compared with 10 per cent and 7 per cent over for TC1 and TC2 respectively (The Press, 2012b).
Christchurch property valuer, Edwards (2012) , confirms the view that there is TC3 land market stigma, especially where the land is near waterways or the property has no insurance. She claims that big real estate firms do not like promoting TC3 land and that lenders are treating TC3 land differently too. However, she predicts that this stigma will reduce as there is more transparency regarding Earthquake Commission"s information on new acceptable foundation solutions and the timeframes for assessing properties.
In an attempt to allay uncertainty around the Canterbury residential rebuild, concerns about the length of time things are taking and questions being asked by home owners about TC3 land and the potential for property values of it to be affected, CERA produced a booklet "The TC3 Residential Rebuild" (Canterbury Earthquake Recovery Authority, 2012) to help home owners understand the rebuild process including which organisations are responsible for what part of the assessment and rebuild process.
Data and transformations
The initial ArcGIS dataset included all residential transaction activity for New Zealand, utilizing data from the Real Estate Institute of NZ and an online sales system ValBiz by Headways Systems Ltd. A number of data fields were provided per house which can be grouped into two categories: a) house characteristics, such as latitude, longitude, address, land and floor area, exterior and roof façade, type (residence, land, unit, townhouses and apartments), valuation, year constructed, listing and agreement dates, number of bedrooms, listing and sale prices (NZ$), time on the market (sell days), area/municipal district and b) land zones, based a Canterbury Earthquake Recovery Authority ( (2) matching and confirming of the house"s geocoding and the districts used in the study to avoid mislabelling, (3) determination of a homogenous housing type for the analysis which included residences and excluded units, townhouses and apartments. Vacant land and red zones were also excluded from the final dataset, (4) the use of the ValBiz sales data was instrumental in the updating of the missing information of the original dataset including the year of construction as well as exterior and roof façade materials, (5) the updated dataset was then integrated into a single file with all the districts which allowed the statistical analysis, (6) identification of the sales timing agreements as before or after the two earthquakes (September 4 th , 2010 and February 22, 2011 respectively) and their overlay above the land zones (Figures 2 through 4) . Due to the house densities shown in Figure 2 the visual identification of the land zones underneath the houses cannot be easily made. In contrast, Figure 3 shows that a significant number of houses are located at two areas designated as TC1 and a lack of TC2 or TC3. In the case of Waimakariri, Figure 4 clearly suggests the existence of pockets of house sales in TC2 and TC3 designations, (7) the initial descriptive statistical analysis revealed the existence of some mislabeling (e.g. zero values for land area, sale price, construction year or sell days), which were treated as missing information for that structure to avoid any impact on the statistical analysis. The final dataset includes 12,379 house sales, with 80.35% (or 9,946) located in Christchurch, 12.78% (or 1,582) in Waimakariri and 6.87% (or 851) in Selwyn. The sales agreements spanned from September of 2008 through June 2012. 
Methodology
The broad aim of this research is to identify residents" perceptions of the risks associated with various types of land zones 5 (e.g. TC1, TC2 and TC3) such as possible future liquefaction and/or flooding. These attitudes are quantitatively assessed through the analysis of the house characteristics/profiles (e.g. sale prices, valuation, construction year, number of bedrooms, exterior and roof façade material and sell days) before and after the two area earthquakes (9/4/10 and the 2/22/11) while controlling for the three land zones.
Specifically, three distinctive approaches are used in this study: a) descriptive statistics: average and standard deviation trends as well as t-tests were applied among certain house characteristics for the overall dataset regardless of the land zones and then separately for each of the three designations (TC1, TC2 and TC3) both before and after the two quakes as well as for the three districts (Christchurch city, Selwyn and Waimakariri). This initial approach provided a first overview of the differentiations among the three designations regarding house characteristics as well as attitudes (through sale prices and material preferences) when accounting for the two quakes (Tables  1 through 4 -Appendix IV). Identifying the number of observations for each of the exterior and roof façade materials allowed the determination of the most common material which were then considered for further analysis, b) spatial data analysis: The advent of GIS with its ability to spatially link property addresses with geographic coordinates has revolutionised hedonic modelling. In a review of hedonic modelling, Malpezzi (2003) observes: "Perhaps one of the most exciting areas for extending hedonic models is making use of the spatial structure of the data, using the emerging technology of geographic information systems and spatial autocorrelation." The application of Geographic Information Systems (GIS) in this case allows: i) the visual representation of both the housing sales and the land zones throughout the study area before and after the two quakes (as seen in the data section -Figures 1 through 4) and ii) the identification of spatial distribution patterns by utilizing an optimized hot-spot analysis, which applies the Getis-Ord Gi statistic (Figures 5 through 7-Appendix V) and shows the statistically significant hot and cold spots. The resulting maps are based exclusively on house valuations while accounting for the neighboring houses. The benefit from this approach is the visual determination of areas with similar valuations while the three land zones are shown in the background.
Figures 5 through 7 exclusively show each of the three districts rather than the overall data which show in more detail the housing distribution over the land zones. c) hedonic modeling: the use of regression analysis to assess the effects that structure characteristics have on sale prices is fairly common because it allows us to control for a number of characteristics simultaneously ( Tables 5 through 10 -Appendix VI). Wilhelmsson (2000) identifies four broad types of property factors that households normally take into account in the purchasing decision: house characteristics (number of bedrooms, square feet, attached garage, etc.); its location relative to urban services (such as school districts, jobs, etc.); its environmental attributes (such as the view or slope of the yard); and the impact of macroeconomic attributes (such as the prevailing interest rate for mortgages). This study applies an Ordinary Least Square (OLS) regression model which explores the effect of certain house characteristics on sale prices before and after the two earthquakes in the following ways: i) the overall dataset regardless of land zone, ii) within each of the most popular land zones (TC1 through TC3) and iii) within each district (Christchurch, Selwyn and Waimakariri) and each land zone as long as the land zones have sufficient number of observations. All models where tested for possible multicollinearity and appropriate adjustments were made to avoid it. The model parameters are (Eq. 1):
+ ԑ Eq.1 where: sale price is the price a property was sold for, const. year is the construction year of the structure, bedrooms is the number of bedrooms, agr. year is the agreement year which takes values from 2008 through 2012, sell_days is the number of days it took for a structure to sell, land area is the lot size in the structure is located in sq. meters exterior façade refers to a variety of dummy variables which take the value 1 if the structure exterior façade is built with the material specified or otherwise zero, roof façade are similar to the exterior dummies with the value 1 given to houses with the specified material. The determination of which façade material to include in the model was made based on the information derived from the descriptive statistics which highlighted the material most predominately used.
Results
A first step in assessing the perception of risk associated with house sales after the two earthquakes (9/4/10 and the 2/22/11) was the determination of the average trends among selected house characteristic before and after the two quakes. Table 1 -Appendix IV, highlights these trends on an overall basis as well as within each of the land zones (TC1 to TC3) with the most house sales. Tables 2 through 4 provide the same information but separately for each of the district (Christchurch, Selwyn and Waimakariri). Specifically, Table 1 "s overall comparison of both quakes suggests that sale prices increased on average after both quakes for newer houses, larger in size houses (based on the number of bedrooms) but the sell days increased only after the first quake. In contrast, valuation seemed to have decreased on average after both quakes. Shifting the focus to within each of the land zones, the results of Table 1 show that sale price increased after both quakes in the TC1 and TC2 areas with newer houses being sold after the second earthquake in TC1. In the case of TC2, the houses sold were newer after both quakes. The TC3 area did not suggest any statistically significant differences between the average values before and after the quakes, with the exception of sell days which increased after the first quake. The analysis of the exterior and roof façade material used based on the number of observations determined that only certain material could be further assessed for their impact on sale prices (exterior: brick, concrete, fibrolite, mixture, roughcast, stone and wood; roof: fibrolite, iron, malthoid, mixture and tile). Table 2 -Appendix IV, provides the same type of information as Table 1 , for the Christchurch district. On average, sale prices increased and sales of newer construction increased after both quakes, similarly to Table 1 . This result holds for the TC1 and TC2 areas of Christchurch after the second quake and for TC2 after the first quake. Table 3 -Appendix IV, provides the results regarding average trends for the Selwyn district; the overall average sale price increases after both quakes. However, in this case due to the limited number of observations in TC2 and TC3 areas only the TC1 area trends can provide more concrete insight. With the exception of sale prices which show an increase after the first quake in the TC1 area all other variables do not indicate any differentiation when comparing the before and after quake trends. Three exterior (brick, concrete and roughcast) and two roof materials (iron and tile) were predominantly used and were considered for further analysis. Table 4 -Appendix IV, provides the results of the Waimakariri district. Overall sale prices in this district are higher after both quakes as well as for the TC2 area. TC3 in contrast to TC2 did not experience any statistically significant changes on average trends after, compared to the before trends for both quakes, although sale prices decreased slightly. The exterior materials predominantly used in this area are identical to the Christchurch area with the only exception being Stone. The roof materials, on the other hand, most predominantly used are identical to those used in Selwyn.
In conclusion, the comparison across all tables (Tables 1 through 4 -Appendix IV) shows that sale prices increased on average overall as well as in each of the three districts studied, with the highest average prices being experienced in the Selwyn district and the lowest in Waimakariri. The comparison among the three land zones shows less consistency between TC1 and TC2 areas, although TC3 areas overall and those in Christchurch and Waimakariri do not show any statistically significant difference when comparing the average sale prices before and after both quakes. When analyzing the TC3 area average sale prices for the overall data as well as Christchurch those values seem to be the highest compared to either TC1 or TC2, this lowers the possibility of a significant increase especially after a quake in an area designated with a moderate to significant damage possibility after another quake. The absence of any statistical difference among average sale prices in TC3 areas is therefore an indication of less negative property value effect in these areas regardless of the negative media attention. The review of the average values of the other structure characteristics" before and after quake shows less consistency.
Figures 5 through 7 -Appendix V, show the hot-spot analysis results for house valuations in each of the three districts. Figure 5 results suggest the existence of clusters (hot-spots) with similar valuations northwest of the downtown area (shown in red dots with a 99% confidence level) as well as south. The red dots suggest homogeneity of house valuations in these areas in contrast to other areas were there seems to be more variability. The comparison of the before and after the first quake trends does not show significant difference in the allocation of hot-spots except of southwest of the downtown which suggest some very similar valuations in close proximity to the TC2 zone. The valuation trends before and after the second quake (2/22/11) do not suggest major differences except of the houses closer to the ocean which show more variation after the second quake. Figure 6 , does not show significant differences in the valuation hot-spots (red-dots) before and after the first quake across the Selwyn district, even in areas identified as TC1. However, differences exist between the before and after trends of the second quake with less red-dots in one of the TC1 zones with house sale presence. Figure 7 , shows the hot-spot analysis results for the Waimakariri district which suggest a differentiation in the hot-spot activity after both quakes when compared to the before trend especially in TC2 zones. The comparison of all figures related to hot-spots suggests that neither of the quakes affected significantly the house valuation trends in the Christchurch district, while in contrast houses in Selwyn and especially in one of the TC1 zones did not maintain similar values (homogeneity) after the second quake. Houses in the Waimakariri district are experiencing a similar effect with Selwyn but for a TC2 zone after both quakes.
This next section presents the results from the multiple regression models used to quantify the relationship between house sales price, and their characteristics (Tables 5 through 10 -Appendix VI). Tables 5 and 6 focus on the overall dataset before and after the two quakes (9/4/10 the 2/22/11) regardless of districts, but account for each of the three land zones. Three of the variables have a consistently positive effect on sales prices across all models in both tables and regardless of the quakes: newer houses; houses with a larger number of bedrooms, and houses with a larger land area. For example, in Table 5 columns 1 through 4, the results suggest that for every more recent decade a structure is built sale prices increase by 4.63% and 4.51% (Table 5 -columns 1 and 2) before the first and second quake, respectively, and 4.91% and 5.11% (Table 5 -columns 2 and 4) after the quakes, respectively. Looking at the construction year row in both Tables 5 and 6 it is evident that the newer houses seem to be achieving the highest sales price effect in TC3 zones, with an increase of 7.05% (Table 6 -column 6) and 7.31% (Table  6 -column 8) suggesting that people feel confident that newer houses in these areas are more resilient in the face of future quakes versus older ones.
The effect of both additional number of bedrooms and land area on sale price is expected and therefore additional discussion is not provided. The effect of agreement year on sale prices is worthy of discussion however. Table 5 , columns 3, 5 and 7 suggest that houses with fairly recent agreement years, but before either of the two quakes, transacted with lower prices by 1.73%, 5.4% and 3.61% respectively. In contrast, more recent sale agreements which took place after the quakes experienced a sale price appreciation in the overall dataset (by 4.16% and 4.36%, columns 2 and 4, respectively), a higher one in the TC1 zone (by 4.93% and 5.73%, columns 6 and 8, respectively) and TC2 zone (4.76% and 4.38%, Table 6 columns 2 and 4, respectively). This result can be caused by two possibilities which cannot be investigated further based on the available data: i) the need for housing after a quake is significant and therefore the supply and demand balance leads to more agreements after a quake with higher prices and/or, ii) buyers are showing resilience and are willing to pay a premium for quality and surviving housing stock regardless of location in a TC1 and TC2 zone. In contrast, houses with more recent agreements and after the second quake in a TC3 zones are experiencing a significant sale price decrease of 10.1% (Table 6 -column 8) indicative of challenges such as land stability and higher risk of liquefaction in these zones.
Another variable with a statistically significant effect on sales prices was the sell days (Time on the Market), which influences only the before quake periods before both events (Tables 5 -columns 1, 3 and  Table 6 -column 3). The expectation is that as sell days increase value decreases to attract a potential purchaser, which was true before both quakes in contrast to the period after the quakes which did not have any statistically significant effect.
Shifting the focus to exterior façade 6 material, one of them has a negative effect on sale prices especially after each of the quakes in the overall dataset, TC1 and TC3 zones -fibrolite. Houses with fibrolite on their exterior façade experience a sale price decrease by 11.9% after the first and second quake in the overall dataset (Table 5 -columns 2 and 4), a 15.6% decrease after the first quake and a 21.5% after the second in the TC1 zone (Table 5 -columns 6 and 8) and a 66.53% decrease after the first quake and a 68.2% decrease after the second in the TC3 zones (Table 6 -columns 6 and 8). Among the exterior façade materials with a more constant positive effect on sales prices mainly after, but in some cases before both, the quakes are mixture (of materials) and roughcast. The lowest positive effect of mixture is experienced in the overall dataset after the second quake by 13.7% (Table 5 -column 4) and the highest in TC2 zones by 22.88% (Table 6 -column 2). Wood has also a positive effect on sale prices, but only for the overall data and the TC2 zones both before and after both quakes (Tables 5 and 6 -columns 1 through 4). Although the effect of wood remains statistically significant after both quakes it decreases (Table 5 -overall data: before the first quake 19.48% compared to 12.30% after the first quake; before the second quake 17.94% compared to 11.52% after the second quake; Table 6 -TC2 zone: before the first quake 24.11% compared to 21.77% after the first quake; before the second quake 23.24% compared to 20.32% after the second quake). The effect of roof façade material on sale prices is less consistent, with the only exception being tile, which has a negative effect in the overall dataset and the TC2 zone. In the overall dataset a tile roof is associated with a 3.41% decrease in sale price before the first quake and a 2.12% decrease after the first quake (Table 5 -columns 1 and 2); the effect of tile on sale prices before the second quake is 3.81% (Table 5 -column 3). In Table 6 , columns 1 through 4, the tile effect on TC2 is almost constant with a 4.75% and a 4.40% decrease of sale prices before and after the first quake respectively; the effect of tile on sale prices before and after the second quake is 4.89% and 4.19% respectively. Tables 7 and 8 provide the regression results of the Christchurch district overall as well as each of the three land zones within the district limits. The results of both tables are very comparable to Tables 5 and 6 due to the large influence of the overall dataset based on this district. For example, newly constructed houses, those with larger number of bedrooms and those with large land areas have a positive effect on sale prices. Additionally, the agreement year has a positive effect after both quakes overall as well as in the TC1 and TC2 zones; however the effect turns negative in the TC3 zone after the second quake similar to Table 6 . Finally, the exterior and roof façade in Tables 7 and 8 share similar effects as those discussed  in Tables 5 and 6.   Table 9 7 provides the regression results of the Selwyn district, which are less comparable to Table 5 . Although new construction and number of bedrooms share their effect with Table 5 for the overall data (columns 1 through 4), an increase in the number of bedrooms is statistically significant only before both quakes in the TC1 zone (by 5.1% and 5.07% respectively). Also, the agreement year has no affect on sale prices either before or after the second quake (columns 7 and 8). Regarding the exterior and roof façade material, brick has a negative effect before both quakes (18.4% and 14% respectively), but no effect after either quake. Similar is the effect of concrete on sale prices with a 12.6% and 12.8% respective decrease. In contrast, no roof façade material has a statistically significant effect. Table 10 provides the regression results of the Waimakariri district, which are also less comparable to Table 5 , with the exception of new construction, number of bedrooms, agreement year, and land area. In Table 10 -columns 6 and 8 (TC2 zone) suggest that an increase in the home sell days (Time on the Market) by 10 days has a negative effect on sale price but only after both quakes by 0.49% and 0.61% respectively. The exterior façade materials brick and roughcast have a positive effect on sale prices but mainly before the quakes for both the overall data and the TC2 zone (columns 1, 3, 5 and 7). In contrast, fibrolite has a negative effect on sale prices only on the overall dataset (columns 2 and 4).
Summary and Conclusions
The overall data comparison regardless of land zone (TC1 through TC3) suggests that sale prices increased on average after both New Zealand earthquakes (9/4/10 and the 2/22/11). This trend is also experienced within TC1 and TC2 zones but not TC3, which did not show any statistically significant price differentiation when comparing the before and after quake periods of both quakes. The comparison of the three districts (Christchurch, Selwyn and Waimakariri) suggests that on average sale prices also increased regardless of land zones although differences exist among the three zones. Another consistent result across all TC3 zones (overall as well as the three districts) is the lack of any significant difference in the average sale prices of houses before or after both quakes. This result suggests that regardless of the negative media coverage of these zones the sale prices did not experience major shifts indicative of risk aversion among the individuals purchasing houses in these zones.
The hot-spot analysis of the valuation trends provides evidence of such concentrations across all three districts with limited differentiation between the two quakes. Christchurch district seems to experience similar valuation trends in certain pockets north east, south, southwest and southeast of the downtown but the southeast hot-spots close to the ocean diminish substantially especially after the second quake. Selwyn district shows similar hot-spot activity before and after the first quake even in TC1 zones, however, there is differentiation in the homogeneity of the hot-spots in one of the two TC1 zones after the second quake. Differentiation in the homogeneity of the hot-spots exists in the Waimakariri district only for one of the TC2 zones with limited differences otherwise.
The regression models provided a plethora of evidence regarding the perception of risk through the lens of sale price impact. The models applied indicated significant similarities across all models when accounting for both land zones and districts. Newer houses achieved higher sale prices in all models, both before and after both quakes, but the effect was even higher for TC3 zones. This result shows buyer confidence in newer houses, which are built to conform with updated building codes and therefore decrease the perception of risk especially in TC3 zones. An interesting finding is that sale agreements after either of the two quakes are associated with a price appreciation for the overall dataset as well as TC1 and TC2 zones, however, TC3 experience a sale price decrease after the second quake. This result suggests supply/demand pressures, the possibility of resiliency (sale price increase) or an increased presumption of risk if certain house characteristics (e.g. newer construction etc.) are not met (TC3 zones). Another variable with a statistically significant effect before both quakes was sell days (Time on the Market); although it did not continue after the quakes. Shifting the focus to façade material, fibrolite has a significant negative effect on sale prices of the overall dataset as well as the TC1 zone and TC3 zones. In contrast, mixture and roughcast have a positive effect on sale prices in the overall dataset as well as the TC1 and TC2 zones after both quakes but in some cases before the quakes too. Other material, such as wood, has a positive effect on sale prices although only for the overall dataset and TC2 zones. Among the studied roof materials only tile has a more consistent negative effect on sale prices for the overall dataset and TC2. The more in depth analysis of each of the three districts and their land zones suggests the existence of some differences with the most prominent being the absence of any significance among the roof façade materials for the Selwyn and Waimakariri districts.
In conclusion, the results indicate that with the recent earthquake experience, residents are demonstrating risk mitigation behaviors through an aversion to (paying lower prices for) TC3 zoned property that are regarded to be a higher risk for future liquefaction. However, the quality of the house can overcome the media stigma attached to the TC3 zones. The outcomes of this research will be of interest not only to home owners wanting to know how their home"s value has been impacted by market perceptions toward earthquake and liquefaction damage, particularly in the worst affected areas, but also the Rating Valuers tasked with assessing property values for rating purposes. Appendix VI -Hedonic modeling Table 5 .Assessment of the effect of the two major earthquakes on the sale prices of the overall dataset and those in areas designated as TC1
(2) (3) (4) (5) (6) (7) (8) Before 9/4/10 After 9/4/10 Before 2/22/11 After 2/22/11 Before 9/4/10 After 9/4/10 Before 2/22/11 After 2/22/11 quake quake quake quake quake quake quake quake Table 6 . Assessment of the effect of the two major earthquakes on the sale prices of the areas designated as TC2 and TC3
(2) (3) (4) (5) (6) (7) (8) Before 9/4/10 After 9/4/10 Before 2/22/11 After 2/22/11 Before 9/4/10 After 9/4/10 Before 2/22/11 After 2/22/11 quake quake quake quake quake quake quake quake 
statistics in parentheses; * p<0.05, ** p<0.01, *** p<0.001 Table 7 . Assessment of the effect of the two major earthquakes on the sale prices of the Christchurch area (overall & TC1)
statistics in parentheses; * p<0.05, ** p<0.01, *** p<0.001 Table 8 . Assessment of the effect of the two major earthquakes on the sale prices of the Christchurch area (TC2 & TC3)
40) --------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------
t statistics in parentheses; * p<0.05, ** p<0.01, *** p<0.001 Table 9 . Assessment of the effect of the two major earthquakes on the sale prices of the Selwyn area -
-------------------------------------------------------------------------------------------------------------------------------------------
Overall data Area designation: TC1 + (1) (2) (3) (4) (5) (6) (7) (8) Before 9/4/10 After 9/4/10 Before 2/22/11 After 2/22/11 Before 9/4/10 After 9/4/10 Before 2/22/11 After 2/22/11 quake quake quake quake quake quake quake quake - ----------------------------------------------------------------------------------------------------------------------------------------- 
) --------------------------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------------------------------
t statistics in parentheses * p<0.05, ** p<0.01, *** p<0.001 + : Only TC1 area has sufficiently large number of buildings for more in depth analysis ++ : Only the façade variables with a significant number of observations are included Table 10 . Assessment of the effect of the two major earthquakes on the sale prices of the Waimakariri area -
-------------------------------------------------------------------------------------------------------------------------------------------
Overall data Area designation: TC2 + (1) (2) (3) (4) (5) (6) (7) (8) Before 9/4/10 After 9/4/10 Before 2/22/11 After 2/22/11 Before 9/4/10 After 9/4/10 Before 2/22/11 After 2/22/11 quake quake quake quake quake quake quake quake - ----------------------------------------------------------------------------------------------------------------------------------------- 
54) --------------------------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------------------------------
t statistics in parentheses; * p<0.05, ** p<0.01, *** p<0.001 + : Only TC1 area has sufficiently large number of buildings for more in depth analysis ++ : Only the façade variables with a significant number of observations are included +++ : Iron roof façade was dropped for TC2 due to multicolinearity
